Objective: Few studies have examined the relationship between physical activity and sleep among women with vasomotor symptoms. We examined the associations of habitual leisure time and household physical activity with sleep characteristics among women reporting vasomotor symptoms.
S leep disturbance and reports of poor sleep are common in women and become increasingly prevalent as women transition through menopause. 1, 2 Women with vasomotor symptoms (VMS; ie, hot flashes and night sweats) seem to be particularly vulnerable, with reported VMS being one of the most consistent predictors of sleep disturbance among midlife women. 1,3<5 However, less is known about factors that may buffer against sleep disturbance. Moreover, poor sleep is associated with obesity, 6 cardiovascular disease, 7 and all-cause mortality. 8 Thus, identifying lifestyle factors associated with better sleep among midlife women with VMS may have important implications for women's health.
Physical activity may be one lifestyle factor that is important for sleep. Indeed, greater levels of physical activity are robustly associated with better subjective sleep quantity and quality in epidemiologic studies. 9, 10 However, studies in women transitioning through menopause are less consistent, with greater physical activity being associated with better sleep in some, 11, 12 but not all, 13<15 studies. Few studies have examined the relationship between physical activity and sleep among midlife women, specifically those with VMS, a population particularly vulnerable to sleep problems. Moreover, there has been little consideration of nonYleisure time physical activity, which is important, as both leisure time physical activity (ie, structured exercise and sports) and nonYleisure time physical activity (ie household, occupation, and transportation) contribute to daily energy expenditure and are associated with reduced health risk. 16<19 NonYleisure time physical activity, including household physical activity, may be particularly important for midlife women. In general, women participate in less leisure time physical activity but similar or greater levels of household physical activity than men. 20, 21 Notably, several risk factors for VMS are similar to risk factors for lower leisure time physical activity. 22 In addition, short-term bouts of physical activity may increase core body temperature and potentially trigger VMS, 23<25 which may further discourage women from participating in voluntary leisure time activities. Thus, considering a range of physical activity types in relation to sleep may be important for midlife women. Finally, it is important to examine these relationships in minority women given that minority women (particularly African-American women) participate in less physical activity, 26 have poorer sleep characteristics, 27 and have higher rates of obesity 28 than white women.
The purpose of this study was to examine the associations of leisure time and household physical activity with sleep characteristics (actigraphy, diary, and global sleep quality) among African-American and white midlife women with VMS. We hypothesized that greater levels of both leisure time and household physical activity would be related to more favorable sleep characteristics. In exploratory fashion, we examined whether relationships between physical activity and sleep varied by race or body mass index (BMI), given that African-American race and obesity are associated with lower physical activity and poorer sleep. 6, 27, 29, 30 
METHODS

Study population
A subcohort of women (N = 52) was recruited from the Pittsburgh site of the Study of Women's Health Across the Nation (SWAN). A detailed description of SWAN procedures has been previously reported. 31 Briefly, SWAN is a multicenter, multiethnic cohort study designed to assess women across the menopausal transition. A total of 3,302 womenVaged 42 to 52 years, with an intact uterus, currently menstruating, and not using oral contraceptives or hormone therapyVwere enrolled between 1996 and 1997. Participants were assessed at enrollment and annually thereafter. By design, only non-Hispanic white and African-American women were recruited at the Pittsburgh site.
At their 10th annual visit for SWAN between the years 2008 and 2009, a subset of women were invited to participate in SWAN FLASHES, an ancillary study of SWAN recruiting midlife women with VMS. Eligibility requirements for SWAN FLASHES included having an intact uterus and both ovaries, currently (within the past 2 wk) experiencing hot flashes or night sweats, and not being pregnant. Women using oral contraceptives, hormone therapy, or selective serotonin reuptake inhibitor/serotonin-noradrenaline reuptake inhibitor antidepressants were also excluded. Given the unequal distribution of BMI by race in women, 28 participants were recruited such that approximately equal numbers of white and African-American women were represented in each obesity category (normal G25 kg/m 2 ; overweight, 25-29 kg/m 2 ; obese, Q30.0 kg/m 2 ). Fifty-two women (white, 27; African American, 25) were recruited and completed the study.
Protocol
Participants were assessed for height and weight and completed questionnaires at their first SWAN FLASHES visit. Women were equipped with a wrist Actiwatch and a physiologic VMS monitor and were given instructions for completing a sleep diary. Women wore the Actiwatch and the VMS monitor and kept a sleep diary for two separate 48-hour periods, conducted within approximately four weeks of each other. Participants provided a written informed consent form. The protocol was approved by the University of Pittsburgh institutional review board.
Measurements
Physical activity
A modified Kaiser Physical Activity Survey (KPAS), adapted from the Baecke questionnaire, 26 was used to assess habitual physical activity. The modified KPAS assessed the participant's usual physical activity during the past 12 months in three subdomains: sports/exercise, household/caregiving, and active living habits. Occupational physical activity was not evaluated because many of the women (25% of the total sample) were not currently employed outside the home. The sports/exercise index asked participants to indicate the frequency, duration, and intensity of their two most common sports/exercise activities. The household/caregiving index asked about the amount of time spent caregiving, preparing or cleaning up from meals, and doing routine chores requiring light, moderate, or vigorous effort. Scoring of the KPAS was based on the recommendations of Sternfeld et al. 29 Briefly, activity indices were computed for each domain by averaging domain-specific responses (ie, sum of domain-specific responses divided by the number of items). Average values for each domain ranged from 1 to 5, with higher values indicating greater activity levels. A total activity score was calculated by summing the three individual subdomain indices. All participants had complete physical activity data. For the present analyses, we used the sports/exercise index to represent leisure time physical activity and the household/ caregiving index to represent household physical activity. The KPAS has been previously validated for use in both white and racial/ethnic minority women. 29, 32 Sleep Actigraphy. Participants wore a Minimitter Acitwatch-64 (Respironics Inc, Murrysville, PA) on their nondominant wrist and completed a sleep diary before going to bed and upon waking on each day of the study protocol. Actiwatch data from approximately four nights (separate two-consecutivenight periods) were downloaded and analyzed using Actiware version 5.04 with a 60-second epoch. Bedtimes and wake times from the sleep diary were used to define rest intervals for the calculation of sleep-wake variables. Periods of awakening were defined as a total activity count greater than a sensitivity threshold of 40 counts per min. Sleep parameters were estimated with proprietary Respironics algorithms. The actigraphy indices considered here were total sleep time (time spent sleeping within bedtime and wake time, excluding periods of awakening during the night), wakefulness after sleep onset (WASO; total minutes of wakefulness between sleep onset and final wake time), and sleep efficiency (total sleep time/ time in bed Â 100%). Participants wore the Actiwatch for an average of 4.13 nights, with 50 women (95% of the sample) having at least four nights of valid actigraphy data. This provided a total of 215 nights of actigraphy data for analyses.
Diary. Participants completed a sleep diary on concurrent nights of actigraphy measurements. Upon waking each morning, participants recorded the time they woke up and the time they went to bed the previous night. They also reported number of awakenings, minutes of awakenings, and number of VMS, and rated that night's sleep compared with a usual night (5-point scale ranging from much worse to much better). Ninety-five percent of the sample had a minimum of four nights of complete sleep diary data (mean, 4.15 nights), providing a total of 216 nights of diary data for analyses.
Global sleep quality rating. At their initial visit, participants were asked to rate their overall (ie, global) sleep quality in the past month on a 4-point scale (very bad to very good). Global sleep quality was categorized as 0 (very bad or fairly bad) and 1 (fairly good or very good) for analyses, due to small cell sizes.
Demographics, health behaviors, and physical characteristics
Demographics, medical history, medication use, and health behaviors were assessed by questionnaire during the participants' initial visit. Race was assessed by the participants' answer to the question: BHow would you describe your primary racial or ethnic group?[ Education (or the highest grade level completed) was self-reported by the participants and categorized into three groups (high school graduate, some college/vocational training, college or higher) for analysis. Financial strain was assessed by the question: BHow hard is it for you to pay for the very basics like food, housing, medical care, and heating?[ (answered as very hard, somewhat hard, or not hard at all). Financial strain was categorized as yes (very hard to pay for basics or somewhat hard to pay for basics) and no (not hard to pay for basics) owing to small cell sizes. Marital status was assessed by the participants indicating whether they were currently married, never married, separated, divorced, or widowed (categorized as married or unmarried). Depressive symptoms were assessed via the Center for Epidemiologic Studies Depression Scale, 33 a 20item instrument asking about common symptoms of depression during the past week. Higher scores (range, 0-60) on the Center for Epidemiologic Studies Depression Scale are indicative of greater depressive symptoms. Self-rated general health compared with the previous year was assessed on a 5point scale (much worse to much better). Physiologic VMS were determined from a Biolog skin conductance monitor (3991/2-SCL; UFI, Morro Bay, CA). 34, 35 Women also selfreported VMS in a sleep diary (described above). Menopause status was determined from the reporting of bleeding patterns; postmenopause status was defined as more than 12 months of amenorrhea, and late perimenopause status was defined as 3 to 12 months of amenorrhea (more than 90% of the women were postmenopausal, with the remainder being late perimenopausal). Height was measured with a fixed stadiometer (Seca, Hanover, MD). Weight was measured with a calibrated balance beam scale (Healthometer Inc, Alsip, IL). BMI was calculated as kilograms per meters squared.
Analytic plan
Variables were examined for normality and small cell sizes. Skewed variables were transformed as follows: total sleep time, WASO, and depressive symptoms were square rootYtransformed; diary-reported number of awakenings and minutes of awakenings were natural logYtransformed; and sleep efficiency was natural logYtransformed on (100 j efficiency). Differences in variables between African-American and white women were examined via W 2 and t tests. Linear and logistic regressions were used to assess associations between study variables and BMI, measured continuously. Associations between physical activity, covariates, and global sleep quality were assessed with logistic regression. Associations between physical activity, covariates, and sleep characteristics (diary and actigraphy) were assessed using generalized estimating equations, with an autoregressive correlation matrix and nights nested within women. Leisure time physical activity and household physical activity were considered in separate models. Interactions between physical activity and race, as well as interactions between physical activity and BMI, were assessed with cross-product terms in logistic regression and generalized estimating equation models. Covariates (age, depressive symptoms, education, marital status, BMI, and race) were chosen on an a priori basis based on prior documented associations with sleep characteristics. 8,27,36<38 We considered education and financial strain as indicators of socioeconomic status. Education was selected as the socioeconomic covariate in the final analyses given that education is a preferred measure of socioeconomic status among women and retired people 39, 40 and given that results were comparable with either socioeconomic variable in the models. The number of VMS (physiologic and self-reported) was also considered as a potential covariate, but given its limited relation to sleep in this sample (physiologic VMS) 41 and the absence of discernible impact on the models presented here (physiologic or self-reported VMS), VMS was not included in the final models. Menopause status was also considered as a covariate but was not included in the final analyses because more than 90% of the sample was postmenopausal. All tests were two-sided, with > set to 0.05. compared with white women. BMI was associated only with more financial strain (P = 0.02). African-American women had shorter total sleep time; no other physical activity or sleep variables differed by race ( Table 2) . When comparing the physical activity levels of our sample to data from a larger sample of SWAN participants, 42 household physical activity levels were broadly consistent between studies, whereas leisure time physical activity was lower in the present study.
In multivariable models (covariates: age, education, depressive symptoms, marital status, race, and BMI), greater household physical activity was significantly associated with fewer diary-reported number of awakenings and minutes of awakenings (Table 3 ). In addition, women who reported greater leisure time physical activity were more likely to report their global sleep quality as good (OR, 8.08, 95% CI, 1.5, 44.5, P = 0.02). Neither leisure time nor household physical activity were related to actigraphy-assessed sleep.
We next examined whether relationships between physical activity and sleep varied by race or BMI. The associations between household physical activity and diary-reported sleep varied significantly by race, such that greater household physical activity was associated with better reported sleep among white women, but not among African-American women (Fig. 1) . These interactions remained significant when adjusting for covariates (age, depressive symptoms, education, marital status, and BMI). BMI also modified relations between household physical activity and actigraphy-assessed WASO (Fig. 2 ) and sleep efficiency, such that greater household physical activity was associated with less WASO and greater sleep efficiency only among women with lower BMI. Similarly, household physical activity was associated with fewer diaryreported number of awakenings among women with lower BMI but not among women with higher BMI (interaction between BMI and household physical activity: P = 0.02, adjusting for age, depressive symptoms, education, marital status, and race; data not shown). In contrast to household activity, no interactions between leisure time physical activity and race/BMI were noted for any sleep characteristics.
We conducted several additional analyses. First, we examined total activity in relation to sleep. Total activity was not associated with any sleep variables in main-effect models but showed similar interactions with race as household physical activity (data not shown). Second, we considered raceYhousehold physical activity and BMIYhousehold physical activity interactions together in relation to sleep characteristics, and results were unchanged. We also considered the possibility of a three-way interaction (raceYBMIYhousehold physical activity), which was not significant, although our sample size was limited for these three-way interactions. We also considered financial strain (instead of education) as the indicator of socioeconomic position, and results were unchanged (data not shown). Finally, we attempted to investigate factors that might further elucidate the observed race and BMI variations in relations between physical activity and sleep. Given the heterogeneity of the household physical activity scale, we examined whether there were significant racial or BMI differences in the subcomponents of the household physical activity scale (caregiving, preparing or cleaning up from meals, and chores requiring light, moderate, or vigorous effort), and no significant differences were observed.
DISCUSSION
Women with VMS who engaged in greater levels of physical activity reported better sleep and fewer nighttime awakenings, mainly if white and not obese. These associations were predominantly attributed to household/caregiving activities rather than sports/exercise. Notably, sports/exercise levels were low among these women.
Our study is notable given its focus on physical activity (leisure time and nonYleisure time) and sleep among women experiencing VMS who are at high risk for sleep disturbance. Although a positive association between leisure time physical activity and better self-reported sleep is a robust finding in large epidemiologic studies, 9, 10 results from studies specific to women transitioning through menopause are less consistent. Previous studies have focused primarily on leisure time physical activity. Indeed, other findings from a large group of younger SWAN participants (less than half of whom had VMS) show higher leisure time physical activity to be associated with better sleep (personal communication, August 2012). In the present study, leisure time physical activity was associated with better global sleep quality ratings. However, nonYleisure time physical activity might also be relevant to women with VMS, given that these women are likely to participate in low levels of leisure time physical activity. Acute exercise increases core body temperature, which can serve as a trigger for VMS, 23<25 discouraging women from voluntarily participating in structured leisure time physical activity. Notably, leisure time physical activity in the present study was markedly lower than that of the larger SWAN cohort. 42 These low levels limited our ability to evaluate associations for leisure time physical activity. However, our findings confirm broadly that physical activity, even when carried outside structured exercise, may be associated with some improvements in sleep among women with VMS.
Including both subjective and objective measurements of sleep in research studies is important, given that subjective reports of sleep often differ from objective assessments. 43 Most previous work reporting positive relationships between physical activity and sleep rely on subjective assessments of sleep; results from studies that objectively measure sleep have produced more mixed results 9, 44 (except perhaps in the case of higher-intensity leisure time physical activity 9, 45 ). Our results are generally consistent with others who have found limited associations between physical activity and objective measures of sleep, particularly in the case of lower-intensity activity. However, our results are novel given their focus on household activity. Moreover, self-reported sleep characteristics are important to consider given that they are associated with obesity, 6 cardiovascular disease, 7 and all-cause mortality. 8 We found that associations between household physical activity and sleep were most pronounced for white and nonobese women. Although racial differences in BMI are evident in population-based samples of midlife women, 28 this sample was unique in that it was specifically selected to match on race by BMI category, allowing for a degree of disaggre gation of these two constructs. We considered several possibilities for the observed differences by race and BMI. Marked differences in both sleep and physical activity by race and BMI have been noted in population-based studies, 6, 27, 30, 46 which may have obscured the more subtle effects of physical activity on sleep in high-BMI women or African-American women. However, few race or BMI differences in sleep characteristics and no race or BMI differences in physical activity were observed in the present study. Also deserving consideration is that the household physical activity scale incorporated diverse activities, including caregiving and vigorous housework. We postulated that these activities could differ by race and BMI and could be important for the effects observed here. However, we found no clear differences by race or BMI in the types of household activities performed. Thus, the reasons for these differences are not immediately apparent, and future work should seek to further examine potential reasons for racial and BMI differences in relations between household physical activity and sleep.
This study has several limitations. The sample consisted entirely of women with VMS; although VMS is quite prevalent among midlife women, our results cannot be generalized to women without VMS. Physical activity was self-reported, which may be affected by memory, cognition, and recall bias. 47 Physical activity assessed in the KPAS reflects average activity levels for an entire year. Thus, we cannot discriminate between the short-term and the long-term effects of physical activity on sleep. In addition, many women in our study were not employed outside the home, so we could not assess the relationship between occupational physical activity and sleep. We did not assess sleep stage. Previous work has shown that exercise can affect sleep stages, including slowwave sleep and rapid-eye-movement sleep. 9,10 Furthermore, we could not account for other factors related to sleep in women, including sleep apnea or periodic leg movements. The small sample size may have limited our ability to identify differences, particularly when assessing interactions. Finally, the cross-sectional design limits our ability to determine the directionality of the relationship between physical activity and sleep. Although we hypothesized that physical activity may be beneficial for sleep, it is also plausible that better sleep makes women more likely to be physically active.
The study also had several strengths. We recruited approximately equal numbers of white and African-American women, which is notable given the limited representation of minority women in studies examining the relationship between physical activity and sleep. In addition, given the high rates of obesity in African-American women, we recruited women to reduce BMI differences between African-American and white women and to examine the associations of race independently of the effects of obesity. Finally, we examined the relationship between physical activity and sleep among women with VMS who are at high risk for sleep disturbance.
CONCLUSIONS
This study provides supporting evidence that greater habitual physical activity may be associated with more favorable sleep characteristics among midlife women with VMS, particularly in white and nonobese women. Further work is needed to replicate these findings in larger samples and to identify the mechanisms that may link physical activity, including household physical activity, to sleep. In addition, more work is needed to determine how other types of nonYleisure time physical activity (eg, occupational activities) are related to sleep. This study suggests that considering a range of physical activity types (leisure time and nonYleisure time) may be important among midlife women and points to the importance of evaluating protective factors for sleep among ethnic minority and obese women. The results also suggest the potential of considering physical activity as a buffer against the sleep disturbance commonly experienced by women with VMS.
